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\ ABSTRACT 

Ear l ie r  work revealed t h a t  high v o l a t i l e ,  v i t r a i n  r i ch  
and low ash coals  could be converted t o  carbon black equivalent 
t o  thermal grade carbon black of commerce. In the  present  paper 
which is an extension of the  e a r l i e r  work some other  coa ls  have 
been used. It has been shown t h a t  by changing the  reac tor  design 
and reaction var iables  the carbon black obtained i s  found t o  have 
propert ies  of rubber and ty re  grade products. Propert ies  and com- 
pounding tests of t h e  carbon black in  rubber m i x  have been ca r r i ed  
out and compared with those of  standard products. A cos t  economics 
of the  carbon black obtained from coal  has a l so  been discussed. 
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Coal has t r a d i t i o n a l l y  been used as f u e l s  and there  are very 
Johnson and co- few studies  describing the  nonfuel use of coals. 

workers (1,2) were the f i r s t  t o  repor t  on the  conversion of high 
v o l a t i l e  coa ls  i n t o  thermal black. They obtained the  black a s  a 
byproduct i r ?  thc ?reduction o f  hydrocyanic acid from coal. In  an 
e a r l i e r  paper (3) the  present authors have described the production 
of thennal black from r l ~ ~ a m  coal.  They adopted a t ransport  reactor 
very much d i f f e r e n t  t o  t h a t  used by the  earlier workers and the i r  
main product was carbon black. 

eu t  thermal blacks f ind  very l imited use. 
f o r  rubber grade black f o r  use i n  the  t y r e  industry. 
paper describes s tud ies  on obtaining improved grades of carbon black 
from three  bituminous coa ls  of India. 
techno-economic aspec ts  of producing carbon black from coals. 

auipment  and t_h_e_ process: 

!Mle the  apparatus in  the  present s tud ies  a r e  similar t o  tha t  
described earlier (?), the  reactor ,  Powevcr, was designed t o  handle 
70 lb./bour of coal .  
t l d c k  high a lw. ina  b r i cks  followed by a 6 in .  layer  of insulat ion 
br ick  f o l l o w d  by a L.3. sheet. The reac tor  was 12 f t .  high and 1 ft. 
i n  diamc ter. 

The major dpmand i s  

The paper a l so  describes the  

The present 

r 

The inner wall of t he  reactor  was made of 9 i n .  

A t yp ica l  run tias carr ied out as follows:- r 

CrUsk~eZ coal  (40 per cent through 200 3 2 )  fed t o  t h e  reactor  
through 3 ro ta ry  feeder i s  coriveyed tnrough t h e  transport  reactor  
by LIe c a r r i e r  gas  air. 
500 - 
becomes steady a t  the above temperature, t he  charging of coal i s  
s ta r ted .  
1300°C maximm. 
constant a t  65 cu . f t . / lb .  and the  t i m e  'of residence of the coal 
p a r t i c l e s  i n  the reac tor  i s  about 1.3 secon'ds. The 'carbon blacl.: i s  
col lected ir! the  temperatGre range of 1300 - 13OO0C. The char i s  
separated from carbon black i n  a s t a in l e s s  s t e e l  cyclone separator. 
The carbon i s  recovered by f i r s t  scrubbing i t  with water i n  the 
scrubber and then by e l ec t ros t a t i c  prec ip i ta t ion .  

The product is then pe l l e t i s ed  and dr ied a t  400 - 4 5 O O C .  
S t r i c t  control  of a i r / c o a l  r a t i o  and feed r a t e  a r e  important a s  
changes may lead t o  existence of uncrc?cl:rd t a r  i n  the  cerbon black. 
and de ter iora te  i t s  property o r  lead to  cxcessive combustion and 
g ive  lower y i d d  of the product. P i F r e  1 S.-OWS the un i t  €or pro- 
d.ucin.5 carbon black from coal.  

Experimental Le-silts and discussion - 
formed under widely varying geological conditions. 
t h e  analysis of t h e  coa l s  used i n  the  study. 

The reac tor  i s  i n i t i a l 1  h e a t e d  t o  

P a r t i a l  conbuztion 05 . the  ~02.1 raises the taqera tur .e  t o  

600°C by burning low ash firewood. &en t z e temperature 

The a i r  t n  coal  r a t i o  of the  charges is kept 

The vork was cErri& out with three  d i f f e ren t  coa ls  of India 
Table I s h o ~  
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Though they are a l l  high v o l a t i l e  low rank coals ,  they d i f f e r  

i n  t h e i r  caking c h a r a c t e r i s t i c s  and ash content. 
of t h e  t h i r d  coal i s  much lower than t h e  two o the r  coals.  Reaction 
conditions were maintained i d e n t i c a l  and average test r e s u l t  of two 
or t h ree  runs has been shown. 
blacks. 

r e l a t ionsh ip  with the  hydrogen content of the coal .  
a l s o  obtained such r e l a t i o n s  (41, but d e t a i l s  of t h e i r  process are 
n o t  avai lable .  

. involves  decomposition of coal  t o  tar and gaseous hydrocarbons which 
ul t imately undergoes dehydrogenation and aggregation to form carbon 
black. Theories on t h e  carbon black formation d i f f e r  mainly i n  the 
rou te  and order i n  which these two e s s e n t i a l  changes occur ( 5 ) .  

product. 
only low ash carbon b h c k  produced frcnn Baragolai c o l l i e r y  coal ,  
U per Assam. 
b!ack produced from Baragolai c o l l i e r y  coal  (a> and HAF black(b1. 
The study was ca r r i ed  out using a magnification of 52700 t o  de te r -  
mine the  average p a r t i c l e  s i z e  and the s t ruc ture  of the black. It 
i s  observed that carbon black obtained from coal  i s  of high structwe 
and i s  d i f f e r e n t  from thermal black, which i s  a l s o  supported by i t s  
compounding test. The size of these p a r t i c l e s  varies from 200 - 800° 
A comparable w i t h  HAF blacks having particle size varying between 
200 - 800OA. However, the frequency of d i s t r i b u t i o n  of  bigger 
p a r t i c l e s  i n  the  HAF black i s  much less than those i n  carbon black 
prepared from coal.  

Sulphur content 

Table I1 shows t h e  a n a l y s i s  of carbon 

Figure 2 shows that t h e  y i e l d  of carbon black bears a direct 
The iiussians 

The formation of carbon black from coa l  i n i t i a l l y  
\ 

Coals containing high mineral matter give a higher a sh  i n  the  
Consequently canpounding tests have been c a r r i e d  o u t  with 

Figure 3 shows the e l ec t ron  micrographs of carbon 

\ Figure 4 shows the x-ray pa t t e rn  of carbon blacks obtained fron 
, (1) Baragolai c o l l i e r y  coal ,  (2) Pench Valle coal ,  and (3) Standard 

Sam l e  HhF. 
o a f s  show bands of mineral matters, e spec ia l ly  
more prominent i n  t h e  case of  sample 2 obtained p" rom Pench V d l e y  
coa l  containing higher percentage of mineral matter. 
of sam l e s  1 and 2 d i f f e r  i n  i n t e n s i t y  f r c a  that of number 3 as the 
formatron of the  latter takes place a t  temperature Figher than those 
of 1 and 2. This may be a t t r i b u t e d  t o  the randomness in t h e  degree 
of o r i en ta t ion  of carbon p a r t i c l e s  i n  s m n l e s  1 and 2 whose formation 
takes  place a t  lower temperature than that of sample 3. 

It may be observed that the car g on blaclcs obtained from 
r t z ,  which is 

The carbon band 

\\ , 

/ Prope r t i e s  of t h e  carbon black obtained from Bara o l a i  c o l l i e r y  
coa l ,  Assam have been compared with two commercial c a r b n  blacks i n  
Table 111. 

Acetone e x t r a c t  which ind ica t e s  the  presence of uncracked tar  
i n  the product i s  s l i g h t l y  higher than those of t h e  standard blacks. 
Iodine absorption values  are ,=eater than even P3.F blacks. Surface 
area has  been calculated from iodine absorption values  (61, using 
t h e  r e l a t ionsh ip  SDd = 60,000, where S = surface area,  D = density,  
d = a r t i c l e  size.  D.B.P. absorption i s  very nea r ly  equal t o  the 
HAF h a c k s  but greater than t h e  313 blacks pH of the product i s  
i n  t h e  mild a c i d i c  range which may be a t t r i b u t e d  t o  t h e  nature of 
s t a r t i n g  material. 

? 
,' 
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Table I V  shows the physical properties of rubber compounded with 
carbon black obtained from Barapolni co l l i e ry  coal and com ared with 
those compounded with a standard d%F black. llooney viscosrty which 
is an iniportant propcrty of the polymer mix is d ondant mainly on 
the  carbon black s t ruc ture  and loading in most $reus. I n  a 50 phr 
sample Nooncy viscosi ty  4 100a2 is found to be i g  er than the 3!W 
blacks and I!ooney scorch time about 0.64 times tha t  of SW blaclcs. 

Rate of cure of the  compound loaded with carbon black derived 
from coal is f a s t e r  than compounds loaded with 513 blacks. 

Physical rope r t i e s  like t ens i l e  streneth,  elcngation a t  break 
and 300% modurus of the  compound loaded with carbon black f r an  coal 
are i n  l ine  with A Y  blacks, wilich shows it can subs t i tu te  SRF blacks, 

Cost economics: 

t h e  cos t  of production is $ 70 per ton on the bas i s  of 20 per cent 
conversion of coa l  t o  carbon black and price of coal being taken 
$ 7.5 per ton. The price of char produced i n  the  process (about 
30 per cent) is taken as $ 10.00 per ton. This is qui te  r a i s i n g  
as the market price of carbon black i n  India va r i e s  from ! 225 - 325 
per ton. 

Conclusion - 
By changing the design and material of construction and a l t e r ing  

t h e  reaction var iables  the quali ty of the  carbon black obtained from 
coal can be considerably improved t o  approach those of t he  rubber 
grade product. 
Though the physical pronert ies  fib t e n s i l e  strength, elongation 
a t  break and 300 p e r  cent moJulus of the compound loaded with carbon 
black f r m  coal are lower than the compounds loaded with iciF blacks, 
they are i n  l i n e  with the  SA.? b1acl.x. 
t o  produce TZL' black. 

.kkr.owl cd.%qze-; : 

Limited, lhnbay and iTational I'hysical Laboratory, !:ew 3elhi for 
ass i s tancr  and co-operatioc. 

-------- 
A cost  study of carbon black produced from coal revealed tha t  

-- 

Some of tlic pro o r t i e s  a re  similar t o  those of 'M. 

hperiments are s t i l l  underway 

Gratei'ul ac laor~1ed~~; l len t  i s  made t o  i ;/s Synthetics and Chemicals 
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Table I - Analysis of the  coa l s  used for production 
of carbon black. 

1. Baragolai 2.7 1.8 4 2 . 3  57.7 81.4 5.6 2.5 10.5 Wghly 
' c o l l i e r y ,  caking. 

Upper Assam 

' 2. Garo H i l l ,  6.5 1.4 49.5 50.5 8 0 . 3  5.8 2.5 11.4 Weakly 
Lower Assam caking. 

' 3 .  Pench 23.4 4 . 5  35.0 65.0 82.5 5 . 2  0.7 11.6 Non- 
V a l 1  ey , caking. 1 14.P. 
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Table I1 - Analysis of carbon blacks produced from di f fe ren t  

Coal feed rate - 70 lb , /h r .  

Xirlcoal r a t i o  - 65 cu. € t . / l b .  

Tenperature range of col lect ion of carbon black - 1200 - 1300OC. 

coa l s  under react ion conditions. I 

, -7 1 I 1 I 1 1 I 
Carbon black ob-XYieldXXsh LYois- XV.11.X F.C.1 C 
ta ined from X 7, X 2 Xture %I X X % X 7. X % X 'Z X d i f f . )  

H X 3 X N+O (by 

1. Baragolai 20 1.3 2.0 2.2 94.5 95.8 0.7 1.6 1.9 
co l l i e ry ,  
Upper Assam. 

Lower Assam. 

K.P. 

2. Gar0 F i l l ,  22 4.2 2.5 2.6 90.7 95.4 0.8 1.7 2.1 

3. Pench Valley, 14.418.3 1.4 3.8 76.5 94.7 0.7 0.4 4.1 

Table I11 - Propert ies  of carbon black obtained from 
Assam coal compared with those of commer- 
cial  carbon black. 

2 UcetonelIodine . . .  I I I 
Carbon black XextractXabsorptionIabsor- XParticleXSurfac5 pH 
obtained from X 7 Xvalues Xption valuesrsize,  Xarea M I 

1. Baragolai 1.9 89 10 6 200 - 800 68 6.5 t o  ' 

- X mg./p. Xm11100n. X Or? X P;. x 

colliery 7.0 
coal ,  Upper 
Assam. 

2. S?S black 0.4 30 70 - 80 600 - 800 25 - 30 6.0 - 
6.5 J!, 

3. HA1.' black 0.5 82 1034 200 - 800 74 -100 8.0 - - 9.0 
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( 3 )  
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Figure 4. X-ray diffraction patterns of t he  carbon 
blacks obtained from (1) Baragolai coll iery 
coal, Upper Assam (2) Pench Valley coal, 
M.P., (3) HAF black. 


